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$\frac{\partial u}{\partial t}+u\cdot\nabla u = -\nabla p+\frac{1}{Re}\nabla^{2}u-\frac{\chi(x)}{\eta}(u-u_{b})$ (1)
$\nabla\cdot u = 0$ (2)
$\chi(x)$ $\eta$ $u_{b}$ $Re$ $VP$
$\Omega_{b}$ 1,
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$\Omega_{f}$ $0$
$\chi(x)=\{\begin{array}{l}1 x\in\Omega_{b}0 x\in\Omega_{f}\end{array}$ (3)
$0$ 1




$\triangle y=2\pi/N_{y}$ $N_{x}=1500,$ $N_{y}=1024$ $\eta=1.0\cross 10^{-3}$
$F$ $VP$
$F= \int_{\Omega_{b}}\frac{\chi(x)}{\eta}(u-u_{b})d\Omega$ (4)





$y(x, t)= \alpha(x)\sin[2\pi(\frac{x}{\lambda}-ft)]$ (7)
$\alpha(x)=c_{1}+c_{2}x+c_{3^{X^{2}}}$ (S)
$\lambda,$ $f$ $\lambda=1.1L,$
$f=1.0$, $c_{1}=0.02,$ $c_{2}=-0.01,$ $c_{3}=0.05$ $u_{b}$
$u_{b}=0$ (9)
$v_{b}=-2 \pi f\alpha(x)\cos[2\pi(\frac{x}{\lambda}-ft)]$ (10)
$S,$ $D$ Fig.1 $S$ $S=0.5L$ $D$
$D=0-O.2L$ Fig.1(a)(b)
Reynolds Strouhal
$Re= \frac{LU}{\nu}, St=\frac{fA}{U}$ (11)
$Re=1000,$ $St=0.54$
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Figure 2: Vorticity field and trajectory of vortices in solo swimming.
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Figure 3: Time-averaged drag coefficient in Figure 4: Efficiency of fish2 in swimming case
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(a) $D=0$ (b) $D=0.025L$
($c$ ) $D=0.075L$ ($d$ ) $D=0.125L$
Figure 6: Time history of drag coefficient. Solid, broken and dot-and-dash lines show the total drag, pressure drag
and viscous drag, respectively.
($a$) $D=0$ ($b$ ) $D=0.075L$
Figure 7: Pressure field at (a) $t/T=4.2$ and (b) $t/T=4.3$ , when $T$ is the oscillation period of the tail.
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